From the Joint Coal Board, Sydney, A ustralia From bronchial measurements in 136 deceased coal miners a comparison with well-documented ante-mortem findings shows that with increasing clinical severity of chronic bronchitis there is increasing narrowing of intrapulmonary airways due to wall thickening at the expense of the lumen. With the aid of the Reid index (gland/wall ratio) and a new proposed index which more directly measures airway obstruction-the wall internal to cartilage/lumen radius ratio-both of which tend to be independent of bronchus size but change with increasing abnormality-it is possible to quantitate chronic bronchitis pathologically and to obtain satisfactory correlations with ante-mortem data. Chronic bronchitis may thereby be evaluated independently from pneumoconiosis and emphysema, thus facilitating the study of their separate relationships with cigarette smoking and with other possible aetiological factors.
As part of a long-term study of respiratory diseases in post-mortem lung specimens from coal miners we recently began measuring bronchi and calculating ratios including the Reid index (1960) .
The purpose of this paper is to present some of our findings, covering so far some 136 individual miners. Our objectives have been, first, to try to devise a system of severity grading of chronic bronchitis post mortem which could be satisfactorily related to the ante-mortem status; secondly, using such a system, to study the relationships of the post-mortem pathology to such ante-mortem factors as cigarette smoking and occupation, and possibly other constitutional or environmental influences. This paper covers only the first objective. Several methods have been described for quantitating chronic bronchitis, mostly in relation to the degree of hypersecretion or mucous gland or goblet cell hyperplasia noted. The pathological signs of infection are not readily quantitated. Our own interest is mainly concerned with the obstructive phase of this disease, and with those measurable aspects of the pathology which appear to be relevant to this phase.
After examining a number of Gough sections from the lungs of miners affected by severe chronic bronchitis our interest in wall/lumen measurements was aroused by the gross wall thickening and lumen narrowing seen macroscopically, extending through most of the visible intrapulmonary tree. An attempt to quantitate this change was undertaken.
CLINICAL ASPECTS
For the individual lung/heart specimens obtained at necropsy, there are usually available the records of fully documented medical examinations (conducted at two-yearly intervals during the miners' working lives) or alternatively or as well the equally fully documented findings of workers' compensation medical boards. These examinations include a respiratory symptom questionnaire; full routine clinical examination with emphasis on the heart and lungs; in more recent years some tests of lung airway obstruction such as measurement of the vital capacity, peak expiratory flow rate (PEFR), forced expiratory volume in one second (FEV1), maximum mid expiratory flow rate (MMEFR) and/or maximum breathing capacity (MBC) ; postero-anterior and frequently additional chest radiographs; frequently also fluoroscopy and electrocardiographic examination ; and the recording in detail of the occupational history from school leaving onwards.
From long experience in periodically clinically examining miners, many of whom had chronic airways obstruction, we have come to view this condition in coal miners as a complex of pneumoconiosis (evaluated radiologically), emphysema or over-inflation (evaluated radiologically, fluoroscopically, and clinically) and chronic bronchitis with obstructed airways.
For specific diagnosis and grading of chronic bronchitis ante mortem we have required (after excluding the typical asthmatics) the following criteria:
I. Simple bronchitis: a history of cough with sputum on most days or mornings for at least three months of the year. This is classed as grade 1 but if infection without obstruction dominates the picture it is assigned to grade 2. However, infection without some degree of obstruction is uncommon in our miners.
2. Chronic bronchitis with airways obstruction: the above sputum history at least, plus the presence of wheezing. The latter may be present only on forced breathing or effort or after coughing. Such a patient would constitute a grade 3 chronic bronchitic on our scale.
When a subject has all the above plus a reduction in the FEV1 value per cent predicted for age and height below 7000 (at which stage wheezing is usually present at rest) he would be graded 4 or 5, depending on the degree of reduction (e.g., a grade 5 bronchitic would have FEV1 values less than 5000 predicted).
Each subject was also graded for a number of individual symptoms and physical and radiological signs, many referable to emphysema rather than to bronchitis, to aid us in the clinical differentiation of these two conditions.1
These systems of classification have been in use since 1955, having, however, undergone some refinements during this period. It was necessary for us to use these simple clinical methods of grading chronic bronchitis and differentiating it from emphysema because it was not possible to refer most of our subjects to Sydney for the more intensive discriminatory physiological investigations available at the teaching centres.
Comparisons to be presented in the material which follows include only those subjects in whom these ante-mortem assessments could be based on detailed information from examinations conducted within five years of death, despite the fact that there were many additional cases in which a firm positive symptom or sign present over a longer period would have materially improved the intensity of correlation if included. Only those subjects in whom the severity of a symptom or sign, or its presence or absence, could be firmly ascertained from the records, were included.
Among the 136 subjects there were only 10 who had a clear history and diagnosis of episodic bronchial asthma responding effectively, at least for a time, to bronchodilator drugs. The postmortem findings in these subjects did not fit the 4. The radius of the bronchial lumen measured to the inner edge of the basement membrane through an assumed geometric centre, and the radius in the same line to the inner wall of the cartilage. The difference between these was a measure of the thickness of the wall intternal to the cartilage (WIC-2).2 Variations in the amount of epithelial damage necessitated our standardizing on this lumen measurement to the basement membrane.
These measurements were made in a number of directions across those bronchi where the full circumference was sectioned, and the results were averaged. The number of bronchi examined per subject was determined by the material available; it varied from one to four and averaged just under two. In more recent times we have programmed our sectioning to enable at least three to four bronchi to be examined per specimen, taken from both lungs. The results were calculated to actual measurement in millimetres. Where necessary they were averaged for the particular individual for comparison with ante-mortem findings.
The following ratios were calculated to two decimal points:
Gland cartilage, and (b) in our hands these ratios did not prove as discriminatory nor correlate as well with individual symptoms and signs or with bronchitis grade as did the G/W and WIC/L ratios. The LD/ DIC was likewise too insensitive adequately to separate grades of severity of disease and was also discarded.
The following material presents our findings in relation to absolute values of certain measurements and to the two remaining ratios, the Reid index and the WIC/L ratio.
Some 241 bronchi from 136 individuals were measured. The averaged findings in absolute values and in either ratio were compared with the size of bronchi and the ratios also with the ante-mortem findings. Almost all the bronchi measured were intrapulmonary; the mean external diameter was 5-42 mm. (± S.D. 1.94) and the mean lumen diameter 2-44 mm. (±S.D. 078).
ABSOLUTE VALUES In Fig. 2 the total wall thickness of each bronchus in millimetres has been plotted against its approximate overall size (calculated by summing lumen radius and total wall thickness and doubling). It will be seen that there is a linear relationship between them, with a high order of correlation; in other words, the total wall thickness has a constant ratio to bronchus size within the limits of the latter studied, namely 2 mm. to 10 mm. overall diameter. This covered a range from small through subsegmental and segmental to lobar bronchi. Figure 2 includes both normal and abnormal bronchi; nevertheless, a high degree of correlation is still present, despite the fact that the wall thick- Figure 3 shows that for a given size of bronchus we found lumen narrowing in abnormals as compared with non-obstructives-again with no corresponding systematic shift in the limits of overall bronchus size.
In our experience, these changes, though widespread, are not entirely uniform throughout the bronchial tree in a particular individual. In advanced cases they tend to be more generalized. Figure 4 suggests that the cartilaginous framework neither expands nor contracts in bronchitis with airways obstruction. The following points are of interest: 1. The mean gland thickness in the severe bronchitis group ;is slightly more than double the thickness in the nil plus simple bronchitis group, this increase occurring despite the fact that the mean overall bronchus diameter is almost the same in both groups. The gland thickness increases by an average of 030 mm.
2. The lumen radius diminishes by 0-31 mm. in the chronic bronchitics with severe obstruction. Also the total wall enlarges by 0 35 mm. in the same group. It will be noted that the mean WIC-2 increases by a larger amount-043 mm. This is explained by the fact that not all such measure-2Q ments were made at the centres of the cartilaginous plates (see Fig. 1B In studying ratios to begin with we plotted each ratio in normal or near normal bronchi (nonobstructed subjects) against the overall size of the bronchus. The results for the WIC/L ratio are given in Figure 5 . Only bronchi from subjects who had no more than simple chronic bronchitis when last examined were included in these diagrams. Thurlbeck and Angus (1964) .
Considering the overall picture shown in Figs 2 to 6, the indications are, first, that bronchi within the range of approximately 2 mm. to 10 mm. overall size can be satisfactorily used for assessing chronic bronchitis, and, secondly, that the size is not important within this range and using ratios rather than absolute measurements. We do not recommend using bronchi smaller than about 2 5 mm. for two reasons; first that we find the discr-imination between obstructives and nonobstructives using any of the ratios is rather less satisfactory in these very small bronchi, and secondly that in such bronchi it is often impossible to find a satisfactory mucous gland for measurement. Above about 7-5 mm. size, the variability and overlap between normals and abnormals 
DISCUSSION
The use of ratios that normally are independent of bronchial size over a considerable range (but are altered in chronic bronchitis) was adopted by Lynne Reid (1960 Reid ( , 1968 and Thurlbeck and Angus (1964) not a necessary prerequisite. Of course, reference to cellular and other additional components is necessary for full pathological diagnosis, but certain parameters, such as wall thickness lumen and gland size that can be quantitated, lend themselves particularly well to the study of epidemiological aspects.
Our findings with the gland/wall ratio agree closely with those of Reid and Thurlbeck and Angus. In this paper we have presented the results of some work with another ratio, the wall internal to cartilage/lumen radius ratio, as well as the Reid index. It is possible by the combined use of these ratios to make a fairly good assessment of the severity of chronic bronchitis in the pathological specimen, and to adopt a system of grading of severity. It is possible to make an assessment which relates not only to the recorded amount of sputum production during life but also to the degree of airways obstruction. We are continuing to use these ratios for studying the relationships between obstructive bronchial disease and cigarette smoking and occupational groupings in our miners.
These studies have confirmed our earlier impression that chronic obstruction is not solely a clinical manifestation of emphysema and/ or bronchiolar pathology. We find that the degree of narrowing of intrapulmonary bronchial airways generally is quite closely related to the amount of clinical obstruction ante mortem. Chronic bronchitis pathologically is not just hypersecretion and hypertrophy of glands, with or without cellular evidence of infection or allergy. It is also a progressive thickening of the bronchial wall inwards with consequent narrowing of airways and, after a certain threshold value of this narrowing has come albout, the development of clinical airways obstruction. The thickening appears to be general -mucosal and submucosal-and not confined to the regions of the mucous glands. As to its nature, it has been suggested (Reid, 1968 ) that chronic hyperaemia and oedema due to hypoxia or infection may be the mechanism involved. Similarities between nasal and bronchial mucosae may be of relevance here. 
